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(57) Abstract 

Small ink droplets smaller than the nozzle diameter can be 
stably ejected even at high drive frequency. A method for driving 
an inkjet recording head comprising ejecting ink droplets (1) from 
a nozzle (7) communicating with a pressure generating chamber (2) 
by applying a drive voltage to a piezoelectric actuator (4) to change 
the pressure in the pressure generating chamber (2), further 
comprises a first voltage changing step of applying a drive voltage 
in a direction to expand the pressure generating chamber (2), a 
second voltage changing step of applying a voltage in a direction to 
compress the pressure generating chamber (2), and a third voltage 
changing step of applying a voltage in a direction to expand the 
pressure generating chamber (2) again, wherein the relationship 
among the voltage changing times t 2 and t 3 in the second and third 
voltage changing steps and the natural period T c of the pressure 
wave produced in the pressure generating chamber (2) satisfy the 
inequalities 0 < t 2 < T/2 and 0 < t, < TJ2. 
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(57) Abstract 

Small ink droplets smaller than the nozzle diameter can be 
stably ejected even at high drive frequency. A method for driving 
an ink jet recording head comprising ejecting ink droplets (1) from 
a nozzle (7) communicating with a pressure generating chamber (2) 
by applying a drive voltage to a piezoelectric actuator (4) to change 
the pressure in the pressure generating chamber (2), further 
comprises a first voltage changing step of applying a drive voltage 
in a direction to expand the pressure generating chamber (2), a 
second voltage changing step of applying a voltage in a direction to 
compress the pressure generating chamber (2), and a third voltage 
changing step of applying a voltage in a direction to expand the 
pressure generating chamber (2) again, wherein the relationship 
among the voltage changing times t 2 and t 3 in the second and third 
voltage changing steps and the natural period T c of the pressure 
wave produced in the pressure generating chamber (2) satisfy the 
inequalities 0 < t 2 < T</2 and 0 < t 3 < TJ2, 
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(57) Abstract 

Small ink droplets smaller than the nozzle diameter can be 
stably ejected even at high drive frequency. A method for driving 
an ink jet recording head comprising ejecting ink droplets (1) from 
a nozzle (7) communicating with a pressure generating chamber (2) 
by applying a drive voltage to a piezoelectric actuator (4) to change 
the pressure in the pressure generating chamber (2), farther 
comprises a first voltage changing step of applying a drive voltage 
in a direction to expand the pressure generating chamber (2), a 
second voltage changing step of applying a voltage in a direction to 
compress the pressure generating chamber (2), and a third voltage 
changing step of applying a voltage in a direction to expand the 
pressure generating chamber (2) again, wherein the relationship 
among the voltage changing times t 2 and t 3 in the second and third 
voltage changing steps and the natural period T c of the pressure 
wave produced in the pressure generating chamber (2) satisfy the 
inequalities 0 < t 2 < Tc/2 and 0 < t 3 < TJ2. 
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(57) Abstract 

Small ink droplets smaller than the nozzle diameter can be 
stably ejected even at high drive frequency. A method for driving 
an ink jet recording head comprising ejecting ink droplets (I) from 
a nozzle (7) communicating with a pressure generating chamber (2) 
by applying a drive voltage to a piezoelectric actuator (4) to change 
the pressure in the pressure generating chamber (2), further 
comprises a first voltage changing step of applying a drive voltage 
in a direction to expand the pressure generating chamber (2), a 
second voltage changing step of applying a voltage in a direction to 
compress the pressure generating chamber (2), and a third voltage 
changing step of applying a voltage in a direction to expand the 
pressure generating chamber (2) again, wherein the relationship 
among the voltage changing times t 2 and t 3 in the second and third 
voltage changing steps and the natural period T c of the pressure 
wave produced in the pressure generating chamber (2) satisfy the 
inequalities 0 < t 2 < TJ2 and 0 < t 3 < T.72. 
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* 5/ h |E»^ y KCOHft^&ld^ «9 , ffl PgiJ5 2 0 ~ 4 0 /i m(7)_hie/ 

hi i 2 ( a ) <±, hi (c^-r-r y^v^x^ ko-t >^%m^m 

* 4 £*gSMfi3 <t ri» «fifc £ix 3 Jg»i^fc>^ (^fffi) [kg/ 
m m 2 f±, ^V^fit^?L6C0'l'-t-— m 3 (i / XyU 7 <D-r -t"— ^ 

r 2 fi-T mSll 6 0>^«P$&J5fc [N s /m°], r 3 liyX;WOt 
fPffiCt, c 0 tt«Ki^<75*»^fi [m 8 /N], c , fiffi^lSdfe^ 2 c^^W^fi. 

c ,f±-r >^fft^?L6 ©^w^fi, c 3 ii;X;u7(Z) : iffi 1 <*(i>r^^ic 

-^-x.^.tLS/±^ [Pa] 5riLT^5„ 

«>. [sjm (a) co^fffiiai&g fi. iafla^jc; pm (b) ©^flfiniK-c*$n5 0 

= km 3 ro||ff,^! < 0t^7L6 t y X/U 7 ©*flP»6t r 2 , r 3 t <D f$ 

X\ r , = k r 3 <Df&&&.t)* tltfl <0 &o t i&fe LT, HI 1 3 ( a ) Mtp 



WO 00/23278 PCT/JP99/05678 

9 

v zftmmmu 3 ' [mVs] tt s (2) T-^ki^nso 



c, tan# 



1 



(1+-)L 



1 - — exp(-D c ■ /)sm(E c ■ t - fa ) 



( 2 ) 



tz tz L , 



(0 < / < t, ) 



A. = ■ 



1m, 



w 2 = 



1 + - 
k 



fa - tan 



A. 



fcK, 0 13 (b) jc^-f ISJt^J^tt iisBtK) ©liiESi 

Wcm£-(D{#fMjg(i, iEKjffiffi^^^inlfP (A, B, c. D 

Is] El (b) <7)Hlb'®/E^^-C^^-r 5 , 7 Xyugp 7 Idtstf 5 {^fS)g 
Su 3 .[mVs] fi, 5£ (3) -e#x.e>tL5 0 



WO 00/23278 



PCT/JP99/05678 



« 3 (0 = w , 3 OA) 

«3.(0 = M , 3 ('.^i) + « , 3 ('-'i^ 2 ) 

+ u' 3 (/-(/, +/•, ),0 3 ) 



10 

(0 < / < /, ) 

(/, <*</, +/',) 
(/, +t\<t <t\+t 2 ) 



(/>/, +t\+t 2 ) 



(3) 



<t c (t c : EE;*ias<7>@*rj^Bi) o^g*fi-e»±, 3fc*>±:f B^PbI t , Oi'> ([51 
HI (a) -» (b) -» (c)) fls«i£«u 3 # 0 £ fc5B#|B] ( t ") 



qxj'ti(t)dt ... (4) 

£tT?i§^(^ s:-o±ifH#r B i 1 2 ^E^cDII^JII^T . W^^J^T^IS^-t- 
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< jR^-T5fc*tt-C»±, 20,1m u^^Ottt/hjaSr^SOtt^/fffljai-CfcS. 

^-fj;e»(^> f4^0Pffifl^ $ ^ jcj^^ L. -Y >-^iiS3r£ bid — ffe t 'hi&fcn? 
dHRiM#c#L. El 4 (b) ICTfc-r «fc 5 Sr*>T»f O^W" 5 ^^*fi:*,±ff 
mm^fk>^D-fe^(D^TH#^J i — J: 9 {-IS^i"tL(i\ El 5 (b) 

_hfE Lfc <k ? Ic, &»fc£^±ff/:ft^T»fli#IH]£*1-5I2»«fl= 

so 5 5 sE(K©5swcii, m 3 (Dm!±mik7'v± *<d&. mm&vtiffl 

Ell (a) (i, - <D&m<z>& l Hjffiffi|-e&5>f >^ y MBftgBKJS 
ft£ft5>T y hffi&^y K*>ffij#£^-f WriEEl, Ell (b) »i, [s] 

-y y vum^y v&ftm ^x^-r^mm^mx^^ 0 

El 2 12, PI -r > ^ a: * hSE»^y KSrffiWi-t-5»IS^3ga!S[!EWilHlllS<Z) 
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m 3 12, m-f is? i?^ y MEft^j/ K«rffi»-r5ffliS3ESIS!SSftlHlBS©S 
H14 12, m4 >V y hmm^y KOliJfetSffl $ti5JSB»itlBEft 

.121 7 (2, ls]^Jfe^J^$§!)m^l^P^-r 5 fc #> <7) |2] 5 <, 

in 8 ?2, mmmfflcDm^&s&w-f z>tiisbcDmx*ibZ) 0 
m 9 (2, r <D&m<o?& 2 ^ssCTT'&s-f' >^ v?* y hmm^-y k©se»^f 
& i c & ffl s tt s is » m je m m <d m m % Tf: ~t m m m -c a> s „ 

laiitt, i^i ^ it 0y © a* * sii^-t- s ysi^^ia-c. m^mmoi^m^ <t s 

121 l 2 i2 , r co^S^tciilffl SftS^^^^y MB®-- s/ KO>f 36±A 
m -e *> 5 „ 

I2i i 4 fi, r-t >^ y has^y bcDmmyjm^mm-r^t^^xDmM 
m -e *> s o 

h ffili^ ■> Ko 9 *>» # If-* — M t P¥ (itL 5 -T > ^ v> 3i 3/ h |E®^- y K^I 
* « f£ £ % & ^ i~ I0f ffi 121 -C -5 „ 

121 1 6 f2, %*{c*3»-tS >^ y hlE»^ jy K©S»*Slcgffl$n 

5 n rnaE & ^ co tn is & Tjk -r ^ 121 -c *> 5 „ 
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Ell (a) fi, r ^«W<Z)»E l Hlfi«|-C*)5i' >^ V s * s/ hfEtft3SB(-^ 
«t$tLS-< i/^ y HEISTS' K©«i*&^-r»riSEL IslEI (b) (i, P 
-f ^ y FSEft^y K£#fi? LT^-f#fi?ISrffiEk El 2 (i. Pl-T^^v? 
= h SEISMS' K*ffii!ii-5»iS*3EWMSlblHllS©«fctM«fi£**-r^'n 

y ■? E! , (H 3 , I'f y?-/x;/ ^ 12Ji^ y K *r IE®! -f 5 M WM WWi !h! 
SgOfEMffttSfiJc^^-f b y ? JMs @4tt, |W]-f ^ * 5/ M2^^ y Kco 

d <D0»Jco-f y M2^^ y Kii, Ell (a) l;*fJ: ^Ir, 

> K • -tF-^-^/u^y Xsumzm^y KKtfc 9 , El l 1-^1" J: 9 J- . iNB 

si^^jgtt^-tn-enjg^c^n, ^o, Ei^sM^fai-a^fbtL/c^ 

»0>J£*J$B£^ 2 £: , #EEyj«^^ 2 !Sfl5S:«B!c-r SJg»« 3 r 

-m. {4^7-7— ,v) 5t. z <D^m-f is? m. 5 t &i±t)m±M 2 t &• 1 *t 1 

1 *t 1 Idtfctt ?>tL, ^-ffi/j|g^£^ 2 tf)®fft±*(c^ig Lfc&SSBSMxb-r 
-f>-^5. -r>^fft^8S6. E^«4l2&t/yX;U7l;J;ot > >f > ^ 
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n ^^js^ij^^s/ KSiiixg-ci±, mi (b) K^-t-j: ? m^^ix^ 

£*t/c / X^^W— h 7 a t , #i§^ >^ ^ 5 <D^gM^f&£ ftfc^ — A- 
^U- h 5 a t, J >?m&JL6 tf&H&tllzm&ILzfU— h 6 a t. 

Wife 3 £r#!j55c-r StgKj^U'— h 3 a <t£^26ffligL;fcf£, ~ tl l- — h 

2a, 3a, 5 a ~ 7 a £ $ 2 0 m m <D I21ip:-tt aba. ^ ^^^IJ jg £r 

(DfflX'tt, mm^t — h 3 a mm (^u? hn7^-;y^ -e^jp^ 

ZtlfzmZ 5 0—7 5 m y tr >^fe ffl V tl 5 <D (C *t L, fttK^^l— 

h 2 a, 5 a ~ 7 a J? $ 5 0 — 7 5 n m CD X >- U X fofr ffl h ft Z> a 

* fc, / X/U 7 fi. P *gB& 3 0 n 3g@B& 6 5 // m, S £ B§ 7 

5 n m t $ix, JE^IS^^ 2 {WIKlSi^o T Kit Jin-*" 5 7" — ^BtK td 

LT, _tsa«J**M y h — s/ K*K»|-t-5ffii!iIellS<7)«5!te*itfl 

ROM^RAMf (O^^U ill LX^5„ CPUI1 R OMIutSii$tL/c7° 
D ^7^Sriff LT, R A Mid 5ft f£ $ tlfc&fl U V s ^ 7 ^£JflVT* 
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£i\ m 2 commm^a. m* ( a ) iziafc-r&mmmfEmmm 
LxmjjmbELtz&, w^mn^Mfc-t z>ffij£<Di±mT ? 3" — ? 4.4, 

x, mmm±^x^-^mm : tm^^^:^^<Dx\ mmm±m^ 2 1 t. rn.fi 
ittsmsg 2 2 ^ , j±mr ? ^-^m-^ 4 , 4, ■•• <t 1 *t 1 {zmm&titzmwc 
m<D*4 y =r^>fm%k 2 3 , 23, • •■ t frbm$&ffif&£tix\<^z> 0 

cpuia ^ r oM^>fijf ^ ©is it y 7*> ibSc^ttj $ titzmmmj±$i 

m 2 2 i>>bmii£ixz>mmmwjmm&tem%- (@4 ( a )) £ee«t * 

— * 4 idEpAD-rs,, Eir^f ax-^4«, ^©<bt, riap $ tizmtEm 

mmi±imiBm^icfc ctz^fczmmm 3 k:^-*., 3 co^fiic «t 9 , je 

2 \z&mMik&4L C << i/t &3tmZin1zJEZ)&£.W. 2\zffi 

7E(D1± Z (DJ±?jm\Z X oT / X/U 7 frhffifefDm'&O-l ^ 

?m 1 5 D /£*3, - K>^|fe0iJOBE»^ y KT'fi, -0**«as*& 

til Lfc-Y jjSli, te^^t^(7>fe^$j£(*_h^^# L, 1E» K y V &Bf&-TZ> 0 

BE»*ft±ic nr teas 2 «£ te^$ ns 0 

m 3 <£> H lb E3 S§ fi . / X/U/j^RtttJ-r 5 ^ * M tf> f£ £ ( r. 

<^f?'JT(i. jffiS 4 0 n mmm<D*:m, 3 0 Ami^©^i> 2 0Mm^SO 

>bm<Dz®.m) \^wowz-x. &mmxizm'&±izx^ j $>wiML*8i^&-&z>. 
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31a, 31b, 31c£ % Ztl t><DmB&£.mi6 3 1 a , 31b. 31c 

1 1 i izmist£jh.ittg.*)mmm& 3 2 a , 32b, 320^, Eu^f 
3.01 — ^4, 4, ••• 1 1 1 iz&ffi£titzm®:m<Dx^ y^^frnffi 3 3 , 

^^^s^hjs§ 3 1 a ~ 3 1 c fi. v^-r tit, fs&fl' - T-rv 

St?g$B£|I18g 3 1 a 11, CPUiaOR OM(7>0f^CDfEtim i) 7 J&» kgfc^ffl 
T^:MP±ffiffl^SsKi®i±^^fa-^-^^fig-r-5o i^H4[HSg3 l bli, CP 

ft ^r^±m-r Z>o * 7c, j^ff^lg^lHlSS 3 1 c te, CPUia?)ROM©0f^ 
<£>fett^ U ra»S> Steffi £frfc/hjjgn±ffiffl<DlIll!iSflE&^7 = ' — ^ ^7fo ^ 

^t^t/ct, is^^s lth 4 (a) izttfc^z,h : mo±{iim<Dmmm!Emm 

ft -S§-££j5fci--5o «^J*ifilHl8S 3 2 a [i, &E?!§£lH]Sg 3 1a rt» £ *L 

mmm^t Lxmti-tz> 0 m^m^^i^3 2 b«, «tJK3B^iHias 3 1 ba»s> 
as ffl CD sxgj, am & j& m ^ & m. n ^ m l t * nt tn <d m bEmm mm m mm % 

m 4 ( a )) t LTttS^-tSo 
OSS 3 2 a <DW,?)%ii^mm*tl. I2©h7y^77-^ h <DA^jfigAS« 

^JteiHiK 32b (Dm fifths mm £ ^3©F7^x77 • y— foa^ 

4S* s m^FliffilElK 3 2 c Offi^JgJwg!a$tL, Hi, &2, m3(Dhy>^ 
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j£ ctz&iiL&mmm 3 ic^x, c ^tgs&is 3 ©^{itc £ «? , be^ss^ 2 £• 

A»{-flef83Efc (itiO • $c'>) $*T, &3ti£ *?itz EE jjm±m 2 I- 

■ 7- htf*>b *oT*^jia*g|5|Kf 32b Ti^ttJ^^ixS^arebttJ 

Ssift^ 3 Jg»«3 ©^tet- J: 9 ^ flE2>«£^ 2 £&m^fc£-&T., 

J: oT7 X/u 7 ^^^ji^-r >^ jjS 1 ^u±/±i ^-BrSo *rt. Ss®)3iiJ^llIgg^^ 

^)^*SlBl!fg 3 2c ^bffl^j $ tL5/hj8mhffifflO*gffiS2i!iffiJE«£^fg- (HI 4 
( a )) ?:Ei7^faX-^ 4 (-(Epflp-r So BE® T j^a-Ji — *4tt, CCD 
£ EP»n$tLSi8fgffi»mEEa6^m-^lc:f£: C 3 (c^-x., jg 

7 ji^/haw^ jjg i £q£fcti H5„ nt 05 Lfc^ >9 jj&fct, te^a^<^ 
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m m m gg & £ *l 5 „ 

_hK L/cm4>Igg®j®/±^^(f -5§-[± % |U4 (a) Ic^-TJipIC /E^B^^ 

3iAD®/± v ^ir-^Tif 5 (v,-o) $ 1 (Dmm^it-r u-t * 4 1 t , i:*> 
Ttf ?>tL/cPP»B«EEVS:Bri^ (t/Bf^) (O — O) H^iEft 

fif^D-|r^42i >EE;^£^ 2 £BEiftS LT^fy^Il £ n± tfj $ -fr 5 fc * , 

m/±^i:*5_btf -s (o-»v 2 ) m 2 cDm.fcmikT'v -tr * 4 3 1 , ±ih±ifb 
titz.fjitom.mv & mm u 2 'b*ibi) (v 2 -v 2 ) ^2oie^^^ 

o-fe^ 4 4 i „ 2 ^wxjmm^^^tz.ib^, «EE&£*>Tif s ( v 

2 ^o $ 3 ©lEfik/at ^ 4 5 t a^WfiKSit, !B2, mscommm 

^ n t7 4 3, 4 5 Jd*3Jt5«£E^<k«Fra t 2 , t 3 * , JE^jJg^m 2 
38dfe-r5EE;*jjfcfc>@;fi-«»!T c lc*t Lt, 

0< t 2 <T c /2 

0 < t 3 < T c / 2 

<Z) £ I - 1£ £ $ *L T l/^ 5 o 

sgsnjE v , = i o v 

8f 1 (^mEE^^^D-fe^ 4 1 •CK>Sffi3E'fkl*ra t j = 3 /x s 
m 1 0>SE«#:/n-1?* 4 2 T*<Z>SJE«#H#|B] t , •= 4 M s 

2 (Dmmmityci± ^ 4 3 -c^sEEaE-fbi^ra 1 2 = 2 M s 
^3 ©ffiffigg^^D-fe^ 4 5 r* corns ^itmm 1 3 = 2 » s 
t^-tn-pixst^ l, m 2 (omm^m-^xn-^^ 4 4 xnmmi&wmrfi 1 2 '&^ 

7°n?-t?* 4 3 T©®BESfb« V 2 {i , fit K , iil ill 6 m / s ir^SiplCi 
^Lfc 0 m 6 ii, ^ 2 <D®JE * 4 4 X CD ® BE ^ B# t 2 ' t 4 > 
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ft, tt&tt. 5t ( 3 ) dS^^T, / X/Ugff 7 K*3tt3ft:fllii£ u 3 £r#*tb 
U Z<VW-m&%:Z&. (4) iC^ALT. J^f^fg q L» #ffi£*L;fci8 

#® q e>n^j»s<D«iD[ffl[-e*>5„ m 6 75><b*?rt>£ ± o t-. tfeatte 

-y as** l < /hJia^-t* s - 1 # ^mt & v N im 4 (b) u: 

|2^1Etft^nt^4 3 0>*t-TR#£J <t ^ 3 GD ® J± ^ -f >^ n i? ^ 4 

^ffiEE^^HtPHl t 2 '£ 0 M s t Lfc#^td, ft fc/J>$ ftjRg (I9„m) (7) 
-Y v * 85 a* # it . 20^m u-^i^^/J^iiffi/is " £ 3>5iSg£ 

$ 2 <£>«/E^£f 7°nir^ 4 4 -C^SJEifctmPBl t 2 '= 0 /x s <D$k{* 
!2©IElfcy°ir^4 3©lEf ft^l ( fi: *, Jb «f l$|S) t 2 ) 

<b. i3©ti±fib^pi?^4 5(Distftii$F B i (sc*>T»f n*ra t 3 ) £ 

3Efl:$-&-C, -Y >^ o®@£D^-ft^^?Bj Lfc 0 H]7{i. az: *>-hif u#F«1 t 2 / 
£*>T*f «*I8J t,iY ^^<DjSSi:OH(S*^t/77-C'fc5. £ tf H# 

Psi 1 2 suf3a*>±jf h#p^ 1 3 lEJimnm^mmT c <d i / 2 wri^^t 

itl3!»T ( ^yX;Hi:ft#t5tft, $ 2 <£>ffiffi^te?° o i? * 43/1 
3^tflEfft7'ptX4 5 1^*5 5SC*»±tf Bf&l t 2 / a! ^ Ttt* H# ftl t 3 £, 
@WJH#! T e © 1 / 2 JWT.'-^:^: LTt, U t) 2 0 ^ m l"</K&»/hiK 

39*#bix5 £ HPS fcfcv^ i-*^*>, &*>_htf n*IBJ t 2 /Sc*,Ttf h#Ph1 t 3 £ s 
SWJU&lT c © 1 / 2£iTi:^^t5: £ tt, 2 0 m m U-OUG9$H^£# 

&ip®JE V , = l 0 V 
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% i (omiE^ityci -t* 5 4 x'<DMf±Mitmm t , = 3 » s 

tE^j$7"nt^5t"©iE^^F B 1t ,'=4,1 s 

i§i 8 {i, m2 cn-mi±fc&-7vt 756 -cos:*>_h3js •? mm 1 2 1 > ^ o 
«»f±, (3) &t>*5£ (4) ^s<5vt3R«> e>Hfc«5g05«ij([«-eifes o 

tf> IS] ft ft. 

El 8 rt» 93 £ j&» J: 3 , t 3 <T c (T c : JE2lifctf>B*«»i) <D|£I1T* 

mi 7 ic^-r ± ? r^t (^1 #tr*>)j fom&m^^m^ 

*\\tt£Z> 0 L^L, iE*>_htf mm t 3 0 n s I^iS:^T'# ft. <t LT t » 

121 8 ^fc^SfJ £ft3SS&fi*-] 2 8 m m-C& <9 . 2 0 ^ m \"< >V (D'fa'hm 
Z> ^ b amMT*3bZ) a 

01 2 mmm 

m 9 {4. r <Dmw<Dm 2 mmmx^^^ >^ - y Ma»^y kwi»* 

j* t - & « $ ft 5 12 ib s m m <o m & * ^ -r m m m x *> 5 0 

r com 2 mmmxtt. mmmmnm&Mis mwizTH-t x ? ee^j 
m±M 2 - x*7^^ii$i±2>ft.j6tc, EiT^f^i-? 

4 ^©PpiinttJEV&£*>T«f 3 (v^o) iioiEttyDt^gu, 

sc*,T»f e> tiftppAnmiE v ^©h# (t/ffi) ^Sfts (o-»o) net 

E^l$/nt^ 92t, EE^)^g^^2 ^/±^ LT-f>'^?jSl£n±ii3£-t!:<5ft. 
#>t^> «BE*SC'*,±»f 5 (0 — V 2 ) i2©lEf{t^Dt^93t, Se *> 

±tf bnftpn*p«BEvs:Si^ ( 1 2 'mm) §^ts (v 2 -»v 2 ) m2(omi± 

tf5 (V 2 — 0) l3©iEiit7'otX9 5i> j^Ttf «bftft.EPJjn®J± 
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V£WB% ( t 3 , B#P B 1) Vkft-tZ* (0-»0) % 3 (Dmi±i%W-7v ±* 9 6 <t , 
^IWiiJffl OJ±^i£ *-^3fc «HE^p?t>*3zt,±if 5 ( 0 -» V , ) 

^93, 9 5 {c*5ft ssff^fbi^ra 1 2 , 1 j±tim±m 2 (^{C|g^i-S 

0 < t 2 < T c / 2 
0 < t 3 < T e / 2 

m 4 (Dlgfr^iky & ± * 9 7 K*5tt5*JE3gffcl$|BI t BE 2; * £ ^ 2 1*1 

0 < t 4 < T c / 2 

&mmj± v , = i o v 

V 

m i «IE|j^Dt7 9 i -eom/±^jbB#^ t , = 3 m s 

m 1 (7)«iE^^^o-fer^ 9 2 T'<7>ttJE&#B#IB! t 4 m s 
Sfl 2 ©flEJE^^^o-fe^ 9 3 T'©I)IHWr«1 t 2 = 2 m s 
SI 2 ©SJEfttS^n-t?;* 9 4 -CO«JE«t¥B*R3 t 2 '= 0 m s 

s& 3 om/EEMk^nir^ 9 5 ^(Dm&mitmm 1 3 = 2 M s 

^ 3 CD ®J±»J$ 9 6 -CO«/E«i$l$fBJ L 3 '= 2 M s 

IS 4 ©iE^fk^Pt^ 9 7 -ewfllJE^ffcBfffl t = 3 /x s 

1311 Z^f ^ ? (Dfcffimfg^it&rt. (3) &t>**t (4) £ffl^THt±} Lfc 0 - 
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(D&mm% : &m 1 o (b) i^n^-mi^t it^t, 

SipmEE v j = l 0 V 

P±ffiNK m 2 (DflffiEMfc^ni-tr * 9 3 T* <£> m EE ^ -ft m V 2 = 8 

V 

^ 1 (^mBE'^fb^D ir * 9 1 -C^mEEgHkH^ t , = 3 n s 
W, 1 (Dm&.i&¥fZfvt * 9 2 T'©tE§)?ll$F B ] t 4 M s 
m 2 ^mEE^^7°D ir ^93 T'OlEHWII t 2 = 2 n s 

2 ©tE^jf^pt ^94 X'ommi&ftmffl 1 2 -= o u s 

3 ©ffiJEESE^b^n-fe^ 9 5 -CO«JE2E^I^W t 3 = 2 m s 

*5»"tS>r v^wfrfiSiSft^^Sr^: (3) &t>**t (4) &ffl^Tl*:tfJ Lfc 0 r 
<DWtii&%:£m 1 0 (a) K*fc^-i£&£ LT*t„ 

fc/ct^4 l, 4 3, 4 5 ofEfflld J; f9 , y X/wgJ: 9 t/J^/jri' ^^iK 
It @10 (a) /j^bi'SJ:)!^ 1 HJfc 0IJ <E> SB ft ft JE & Jfc (HI 4 ) T 

iHK)Lfc^^, ptm^tt), wv^^tLtf, ^^^m<Da±tti\cm^--r^mi 

^bTfcSo 3BW#3?£>llg${;: «fc 5 £ , - © J: o ft JE;*j 

rn{d*tLT» m 2mM&i(Dmmmi±mwz (m9) -cisibLfcjt^ m 

JS^^ 3 (Dmm^ik^v ir * 9 1 , 9 3, 9 5 # T , & 4 WttJEgg 
jL^Dir^ 9 7 tf«JiD x. <b *i a z. <h X\ S l±t> &&& 1 tB f&-f S BE^i $ 

is«4t5WC, HI l 0 (b) a>5>*>a»5 J: 5 m-^J^P^T-frlSit^w 

ib*b35 s ^# < «st-rs„ LfciSot, v±w<&^}5rt %j£t)mmw<Dm±tfm 
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PCT/JP99/05678 



# 

PCT 



NT COOPERATION TREA 

From the INTERNATIONAL BUREAU 



12. 1.11 



NOTIFICATION OF RECEIPT OF 
RECORD COPY 

(PCT Rule 24.2(a)) 



To: 



MARUYAMA, Takao 

Maruyama Patent Office 

SAM Building, 3rd floor 

38-23^ Higashi-lkebukuro-2-chome 

Toshima-ku 

Tokyo 170-0013 

JAPON 



Date of mailing (day/month/year) 

03 November 1999 (03.11.99) 


IMPORTANT NOTIFICATION 


Applicant's or agent's file reference 
DP-548 


International application No. 

PCT/JP99/05678 



The applicant is hereby notified that the International Bureau has received the record copy of the international application as 
detailed below. 

Name(s) of the applicant(s) and State(s) for which they are applicants: 

NEC CORPORATION (for all designated States except US) 

OKUDA, Masakazu (for US) 
International filing date : 14 September 1999 (14.09.99) 

Priority date(s) claimed 20 October 1 998 (20.1 0.98). 



29 October 1999 (29.10.99) 



Date of receipt of the record copy 
by the International Bureau 

List of designated Offices 

EP :DE,FR,GB,IT 
National :CN,US 



ATTENTION 

The applicant should carefully check the data appearing in this Notification. In case of any discrepancy between these data 
and the indications in the international application, the applicant should immediately inform the International Bureau. 

In addition, the applicant's attention is drawn to the information contained in the Annex, relating to: 



□ 



time limits for entry into the national phase 
confirmation of precautionary designations 
requirements regarding priority documents 



A copy of this Notification is being sent to the receiving Office and to the InternationalSearching Authority. 





The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No. (41-22) 740.14.35 


Authorized officer: 

Susumu Kubqsjr / 
Telephone No. (41-22) 338.83.38 



Form PCT/lB/301 (July 1998) 



003030507 



ANNEX Ti 



m 



RM PCT/1B/301 




^national application No. 
I PCT/JP99/05678 



INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE 



The applicant is reminded that the "national phase" must be entered before each of the designated Offices indicated in the 
Notification of Receipt of Record Copy {Form PCT/IB/301) by paying national fees and furnishing translations, as prescribed by 
the applicable national laws. 

The time limit for performing these procedural acts is 20 MONTHS from the priority date or, for those designated States 
which the applicant elects in a demand for international preliminary examination or in a later election, 30 MONTHS from the 
priority date, provided that the election is made before the expiration of 19 months from the priority date. Some designated (or 
elected) Offices have fixed time limits which expire even later than 20 or 30 months from the priority date. In other Offices an 
extension of time or grace period, in some cases upon payment of an additional fee, is available. 

In addition to these procedural acts, the applicant may also have to comply with other special requirements applicable in 
certain Offices. It is the applicant's responsibility to ensure that the necessary steps to enter the national phase are taken in a 
timely fashion. Most designated Offices do not issue reminders to applicants in connection with the entry into the national 
phase. 

For detailed information about the procedural acts to be performed to enter the national phase before each designated 
Office, the applicable time limits and possible extensions of time or grace periods, and any other requirements, see the relevant 
Chapters of Volume II of the PCT Applicant's Guide. Information about the requirements for filing a demand for international 
preliminary examination is set out in Chapter IX of Volume I of the PCT Applicant's Guide. 

GR and ES became bound by PCT Chapter II on 7 September 1996 and 6 September 1997, respectively, and may, therefore, 
be elected in a demand or a later election filed on or after 7 September 1996 and 6 September 1997, respectively, regardless of 
the filing date of the international application. (See second paragraphabove.) 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has 
the right to file a demand for international preliminary examination. 



This notification lists only specific designations made under Rule 4.9(a) in the request. It is important to check that these 
designations are correct. Errors in designations can be corrected where precautionary designations have been made under 
Rule 4.9(b). The applicant is hereby reminded that any precautionary designations may be confirmed according to Rule 4.9(c) 
before the expiration of 15 months from the priority date, if it is not confirmed, it will automatically be regarded as withdrawn 
by the applicant. There will be no reminder and no invitation. Confirmation of a designation consists of the filing of a notice 
specifying the designated State concerned (with an indication of the kind of protection or treatment desired) and the payment 
of the designation and confirmation fees. Confirmation must reach the receiving Office within the 15-month time limit. 



For applicants who have not yet complied with the requirements regarding priority documents, the following is recalled. 

Where the priority of an earlier national, regional or international application is claimed, the applicant must submit a copy 
of the said earlier application, certified by the authority with which it was filed ("the priority document") to the receiving Office 
(which will transmit it to the International Bureau) or directly to the International Bureau, before the expiration of 16 months from 
the priority date, provided that any such priority document may still be submitted to the International Bureau before that date of 
international publication of the international application, in which case that document will be considered to have been received 
by the International Bureau on the last day of the 16-month time limit (Rule 17.1(a)). 

Where the priority document is issued by the receiving Office, the applicant may, instead of submitting the priority 
document, request the receiving Office to prepare and transmit the priority document to the International Bureau. Such request 
must be made before the expiration of the 16-month time limit and may be subjected by the receiving Office to the payment 
of a fee (Rule 17.1(b)). 

If the priority document concerned is not submitted to the International Bureau or if the request to the receiving Office 
to prepare and transmit the priority document has not been made (and the corresponding fee, if any, paid) within the applicable 
time limit indicated under the preceding paragraphs, any designated State may disregard the priority claim, provided that no 
designated Office may disregard the priority claim concerned before giving the applicant an opportunity to furnish the priority 
document within a time limit which is reasonable under the circumstances. 

Where several priorities are claimed, the priority date to be considered for the purposes of computing the 16-month time 
limit is the filing date of the earliest application whose priority is claimed. 



CONFIRMATION OF PRECAUTIONARY DESIGNATIONS 



REQUIREMENTS REGARDING PRIORITY DOCUMENTS 



Form PCT/IB/301 (Annex) (July 1998) 



003030507 
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P^^NT COOPERATION TREA 



PCT/JP99/05678 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 41 1 ) 


To: 

MARUYAMA, Takao 

Martivama Patpnt Office 

SAM Building, 3rd floor 

38-23, Higashi-lkebukuro-2-chome 

Toshima-ku 

Tokyo 170-0013 

JAPON 


Date of mailing (day/month/year) 

03 November 1999 (03.11.99) 




Applicant's or agent's file reference 
DP-548 


IMPORTANT NOTIFICATION 


International application No. 

PCT/JP99/05678 


International filing date (day/month/year) 

14 September 1999 (14.09.99) 


international publication date (day/month/year) 

Not yet published 


Priority date jday/month/year) 

20 October 1998(20.10.98) 


Applicant 

NEC CORPORATION et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1 (a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 



The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 
as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority o^e 



20 Octo 1998 (20.10.98) 



Priority ap plication No. 



10/318443 



Country or regional Office 
or PCT receiving Office 

JP 



Date of receipt 
of prjprity dpqument 

29 Octo 1999 (29.10.99) 



The International Bureau of WIPO 


Authorized officer 






34, chernin des Colombettes 


Susumu Kub2^^ 




121 1 Geneva 20, Switzerland 


Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 





Form PCT/IB/304 (July 1998) 



003030508 
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P^ENT COOPERATION TRE 



WO 00/23278 
PCT/JP99/05678 



From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 


To: 

MARUYAMA, Takao 

Maruyama Patent Office 

SAM Building, 3rd fioor 

38-23, Higashi-lkebukuro-2-chome 

Toshima-ku /^^' /--zrN. 

Tokyo 170-0013 / ^C^H \ 

JAPON /"loTTTl 


Date of mailing (day/month/year) 
27 April 2000 (27.04.00) 


\*- ^ # W 


Applicant's or agent's file reference 
DP-548 


IMPORTANT NOTICE 


International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/JP99/05678 14 September 1999 (14.09.99) 20 October 1998 (20.10.98) 


Applicant 

NEC CORPORATION et al 





. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 
CN,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

EP 

The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3, Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
27 April 2000 (27.04.00) under No. WO 00/23278 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or ou months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important •information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of WIPO 
34„ chemin des Cotombettes 
1211 Geneva 20, Switzerland 



Facsimile No. (41-22) 740.14.35 



Authorized officer 

J. Zahra 

Telephone No. (41-22) 338.83.38 



Form PCT/IB/308 (July 1996) 



3239686 
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PCT/JP99/05678 



PARENT COOPERATION TREA 
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From the INTERNATIONAL BUREAU 



PCT 

INFORMATION CONCERNING ELECTED 
OFFICES NOTIFIED OF THEIR ELECTION 

(PCT Rule 61.3) 


To: 

MARUYAMA, Takao 

Maruyama Patent Office 

SAM Building, 3rd floor 

38-23, Higashi-lkebukuro-2-chome 

Toshima-ku 

Tokyo 170-0013 

JAPON 


Date of mailing (day/month/year) 
27 April 2000 (27.04.00) 


Applicant's or agent's file reference 
DP-548 


IMPORTANT INFORMATION 


International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/JP99/05678 14 September 1999 (14.09.99) 20 October 1998 (20.10.98) 


Applicant 

NEC CORPORATION et al 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the following 
Unices of its election: 57 

EP :DE,FR,GB,IT 
National :CN,US 

2 ' Z he .l following Offices have waived the requirement for the notification of their election; the notification will be sent to them 
by the International Bureau only upon their request: 

None 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a 
translat.on of the international application (Article 39(1 )(a)), as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1). 

ha Y e ' ixed * ime ,imits expiring later than the above-mentioned time limit. For detailed information about the 
«?Rlf d^t t ; me 1 . hm,t J 5 a I" d * he acts ^ be performed upon entry into the national phase before a particular Office, see Volume II 
ot tne i Applicant s Guide. 

t T K h -«.? trV int ° V^ u ™P ea V egional Dhase is Postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent. 



The International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 



Facsimile No. (41-22) 740.14.35 



Form PCT/IB/332 (September 1997) 



Authorized officer: 

J. Zahra 

Telephone No. (41-22) 338.83.38 



3239686 
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pe3*w>99/05678 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF TRANSMITTAL 
OF COPIES OF TRANSLATION 
OF THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 72.2) 


/\3f\ 


MARUYAMA, Takao / - O 1 90 1 

SAM Building, 3rd floor yL J* 3*/ 
38-23, Higashi-lkebukuro^-chomeS^^^^^ 
i osnima-KU 
Tokyo 170-0013 
JAPON 


Date of mailing (day/month/year) 
03 January 2001 (03.01.01) 


Applicant's or agent's file reference 
DP-548 


IMPORTANT NOTIFICATION 


International application No. 
PCT/JP99/05G78 


International filing date (day/month/year) 
14 Octobor 1999 (U. 10.99) 


Applicant 

NEC CORPORATION et al 



1. Transmittal of the translation to the applicant. 



The International Bureau transmits herewith a copy of the English translation made by the 
International Bureau of the international preliminary examination report established by the 
International Preliminary Examining Authority. 



2. Transmittal of the copy of the translation to the elected Offices. 

The International Bureau notifies the applicant that copies of that translation have been 
transmitted to the following elected Offices requiring such translation: 

EP,CN,US- 



The following elected Offices, having waived the requirement for such a transmittal at this time, 
will receive copies of that translation from the International Bureau only upon their request: 

None 



3. Reminder regarding translation into (one of) the official language(s) of the elected Office(s). 

The applicant is reminded that, where a translation of the international application must be 
furnished to an elected Office, that translation must contain a translation of any annexes to the 
international preliminary examination report. 

It is the applicants responsibility to prepare and furnish such translation directly to each elected 
Office concerned (Rule 74.1). See Volume II of the PCT Applicant's Guide for further details. 



The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 


Authorized officer 

Eliott Peretti 6 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 . 





Form PCT/IB/338 (July 1996) 
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fcTENT COOPERATION TREAT 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
DP-548 


SeeNotificationofTransmittaloflnternational Preliminary 
FOR FURTHER ACTION Examination Repor1 (Form PC T/IPEA/4 1 6) 


International application No. 


International filing date (day/month/year) 


Priority date (day/month/year) 


PCT/JP99/05678 


14 October 1999(14.10.99) 


20 October 1998 (20.10.98) 


International Patent Classification (IPC) or national classification and IPC 




B41J 2/045,2/055 






Applicant 


NEC CORPORATION 





This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



. sheets, including this cover sheet. 



□ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have been 
amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see Rule 



70.16 and Section 607 of the Administrative Instructions under the PCT). 
These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



1 


12SJ 


II 


□ 
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I. With regard to the elements of the international application:* 
the international application as originally filed 

the description: 
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pages 
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, filed with the demand 



, filed with the letter of 
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the claims: 
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pages 

pages 
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, as amended (together with any statement under Article 19 
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, filed with the letter of 
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the drawings: 
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, filed with the demand 



m9 filed with the letter of 



| | the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 

_ , filed with the demand 



_, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence, listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
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been furnished. 
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the description, pages 

1 1 the claims, Nos. 

1 I the drawings, sheets/fig 



5 I I ™ S re P ort nas ^ een estaD l'shed as if (some of) the amendments had not been made, since they have been considered to go 
I — I b evonc | t ne disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** f 



* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 
1. Statement 

Novelty (N) Claims 1-7 YES 

Claims NO 

Inventive step (IS) Claims 1 _7 YES 

Claims. NO 

Industrial applicability (IA) Claims 1_7 YES 

Claims NO 



2. Citations and explanations 
Claims 1-7 

Document 1: JP, 10-166579, A (NEC Corporation), 23 June, 1998 (23.06.98); entire text; Figs, 1-14 
Document 2: JP, 9-141851, A (Seiko Epson Corporation), 3 June, 1997 (03.06.97); entire text; Figs. 1-20 
Document 3: JP, 2-192947, A (Fuji Electric Co., Ltd.), 30 July, 1990 (30.07.90); entire text; Figs. 1-20 

Documents 1-3 are documents that show the general state of art in the technical field in question. They 
disclose art in which a voltage changing process consisting of a number of steps is used for the waveform 
of the driving voltage for an ink jet recording head, and the increase and decrease in the volume of the 
pressure generating chamber is temporally controlled by means of a value that is derived from the natural 
oscillation period of the piezoelectric vibrator, thus allowing the stable ejection of ink droplets at high 
speed. However, with regard to this temporal control, there are no disclosures or suggestions in any of the 
documents cited in the 1SR concerning the art whereby 'the volume of the pressure generating chamber is 
increased, then decreased, and then increased again* and 'the control times for the second voltage 
changing step in which the volume of the pressure generating chamber is reduced and the third voltage 
changing step in which the volume of the pressure generating chamber is again increased are stipulated', 
thus allowing the stable ejection of ink even at high frequency. 
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I | the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 
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of the driving voltage for an ink jet recording head, and the increase and decrease in the volume of the 
pressure generating chamber is temporally controlled by means of a value that is derived from the natural 
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According to International Patent Classification (IPC) or to both nation al classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 B41J 2/045 
B41J 2/055 

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 1996-1999 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 
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document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
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later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
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combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
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